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Abstract 12 
 13 
The presence of calcium hydroxide (Ca(OH)2) in Bayer residue slurry inhibits the 14 
effectiveness of the seawater neutralisation process to reduce the pH and aluminium 15 
concentration in the residue. An increase in the slurry pH (reversion), after seawater 16 
neutralisation, is caused by the dissolution of calcium hydroxide and hydrocalumite 17 
(solid components found in bauxite refinery residue). Reversion was not observed 18 
when the final solution pH was greater than 10.5, due to hydrocalumite being in a 19 
state of equilibrium at high pH.  Hydrocalumite has been found to form during the 20 
neutralisation process when high concentrations of calcium hydroxide are present in 21 
the residue liquor. The dissolution of hydrocalumite releases hydroxyl (OH-) and 22 
aluminium ions back into solution after the seawater neutralisation (SWN) process, 23 
which causes pH and aluminium reversion to occur. This investigation looks at the 24 
effect of Ca(OH)2 and subsequently hydrocalumite on the pH and aluminium 25 
concentration in bauxite refinery residue liquors after the SWN process. 26 
 27 
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1. Introduction 34 
 35 
Bauxite refinery residues are derived from the Bayer process by the digestion of 36 
crushed bauxite in concentrated caustic (NaOH) at elevated temperatures and 37 
pressures. The process results in the dissolution of gibbsite (Al(OH)3) and boehmite 38 
(AlOOH) to form a solution of sodium aluminate ions, while the insoluble residue 39 
(red mud) is separated by means of  flocculation and decantation.1-3 The composition 40 
of bauxite refinery residue is complex, with the concentration of compounds varying 41 
with the type of bauxite and refinery process used. The supernatant liquor from this 42 
residue is strongly alkaline4-5 and requires neutralisation to a pH below 8.9, with an 43 
optimum pH value of 8.5 to 8.9,6 before environmental discharge can be considered. 44 
The aim of the neutralisation process is to add sufficient seawater to permanently 45 
reduce the pH below 8.9, however, an increase in pH after the neutralisation point (i.e. 46 
after all the seawater has been added) can occur and this is referred to as “pH 47 
reversion”.  48 
 49 
Seawater neutralisation is one such treatment that reduces both the pH and dissolved 50 
metal concentrations of the residue, through the precipitation of Mg, Ca and Al 51 
hydroxide and carbonate minerals.6 The formation of these hydrotalcite (HT)-like 52 
compounds (also known as layered double hydroxide –LDH) also removes oxy-53 
anions of transition metals through a combination of intercalation and adsorption 54 
mechanisms. The general formula for these structures is: [M2+1-x M3+x(OH)2]x+Am-55 
x/m.nH2O, where M2+ is a divalent cation, M3+ is trivalent cation, and A an 56 
interlamellar anion with charge m-. LDH phases exist for 0.2 ≤ x ≤ 0.33.7-9   57 
 58 
Due to refineries striving to become more environmentally accountable and 59 
sustainable, an increase in bauxite residue management practises are being 60 
investigated and employed.10-12 A major objective for research in this particular field 61 
is understanding residue behaviour before and after various treatments. Carter et al., 62 
who looked at characterising bauxite residue using pH leaching tests and geochemical 63 
modelling methods have done a good example of this.13  64 
 65 
The solid residue consists of variety of compounds including calcium aluminate 66 
species, organic material, and various oxides of iron, titanium, and silica. The most 67 
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common type of calcium aluminate formed in the Bayer process is tricalcium 68 
aluminate (TCA - Ca3Al2(OH)12.6H2O). TCA is formed the reaction of calcium 69 
hydroxide (Ca(OH)2), sodium aluminate (NaAl(OH4)) and sodium hydroxide 70 
(NaOH).14-15 The addition of lime (CaO- burnt lime or Ca(OH)2-slaked lime) at 71 
various stages of the Bayer process provides numerous benefits to the process 72 
including: 1) improving the dissolution on boehmite and diaspore during digestion, 2) 73 
helps to reduce liquor impurities, 3) assists in phosphate control in pregnant liquor, 74 
and 4) reduces soda losses in red mud.14 75 
 76 
A large amount of research has been published on Ca(OH)2 in the Bayer industry,14-15 77 
however, little focus has been placed on the effects of high concentrations of Ca(OH)2 78 
in residue liquors neutralised by seawater. Therefore, this investigation focuses on the 79 
effects of high Ca(OH)2 concentrations in residue liquor on the neutralisation process, 80 
and the dissolution of Ca(OH)2 and hydrocalumite (Ca2Al(OH)6Cl·2H2O) in regards 81 
to pH and aluminium reversion. 82 
 83 
 84 
2. Methods 85 
 86 
2.1. Experiments: Synthesis of Materials and Seawater Neutralisation 87 
Reactions 88 
 89 
2.1.1.  Materials 90 
 91 
AR grade Ca(OH)2 was used in this investigation.  92 
 93 
Hydrocalumite was synthesised using the co-precipitation method, commonly used to 94 
prepare LDHs. The co-precipitation method involved the addition of two solutions, 95 
where solution 1 contained 2M NaOH and a combination of Na2CO3 to give a 96 
concentration of 0.2M, while solution 2 contained 0.66M Ca2+ (CaCl2·2H2O) and 97 
0.33M Al3+ (AlCl3·6H2O). Solution 2 was added drop wise to solution 1, under 98 
vigorous stirring. The precipitated compound was then thoroughly washed to remove 99 
any residual salts and dried overnight in an oven (85 °C). 100 
 101 
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 102 
2.1.2.  Seawater Neutralisation of Synthetic Supernatant Liquor 103 
Spiked with Calcium Hydroxide and Hydrocalumite 104 
 105 
The experiments involved the addition of different concentrations of calcium 106 
hydroxide (0.05-1M) or hydrocalumite (0.01-0.5M) to 60 mL of synthetic supernatant 107 
liquor (SNL), whilst being stirred for 5 minutes. The composition of synthetic SNL 108 
used in this investigation is 3.2 g/L Al2O3, 6.5 g/L Na2O (caustic) and 6.3 g/L Na2O 109 
(carbonate). The initial pH of SNL was maintained at around 12. The concentration of 110 
Ca(OH)2 used for each test and the theoretical concentration of solid Ca(OH)2 left in 111 
solution is given in Table 1. For 0.05 and 0.10M the complete dissolution of Ca(OH)2 112 
occurs, while the other concentrations tested were above the solubility of Ca(OH)2.  113 
 114 
After 5 minutes, synthetic seawater (270 mL) was added to SNL at around 120 mL a 115 
minute, and was left to stir for a further 2 hours. The composition of synthetic 116 
seawater used in this investigation has been previously reported by the authors.16 117 
Samples (20 mL) were taken every 30 minutes to monitor the ions in solution, and the 118 
concentration of phases in the precipitate. Each sample was vacuum and syringe 119 
filtered (0.45 µm filters) for ICP analysis, while the precipitate was washed (after 120 
aqueous sample had been removed) and place in an oven (85 °C) overnight to dry. 121 
The pH of the solution was monitored at 15 second intervals for a total of 2 hours 122 
using a TPS-40 pH meter and general laboratory pH probe. The pH probe was 123 
calibrated using buffers 7 and 10.  124 
 125 
The experiment was repeated 3 times for each concentration of Ca(OH)2 and the 126 
results presented in this paper are an average of the 3.  127 
 128 
2.2. Methods for the Characterisation of Solutions and Precipitate 129 
 130 
2.2.1. X-ray Diffraction (XRD) 131 
 132 
X-Ray diffraction patterns were collected using a Philips X'pert wide angle X-Ray 133 
diffractometer, operating in step scan mode, with Cu K radiation (1.54052 Å). 134 
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Patterns were collected in the range 3 to 75° 2 with a step size of 0.02° and a rate of 135 
90s per step. Samples were prepared as a finely pressed powder into aluminium 136 
sample holders. The Profile Fitting option of the software uses a model that employs 137 
twelve intrinsic parameters to describe the profile, the instrumental aberration and 138 
wavelength dependent contributions to the profile. 139 
 140 
2.2.2. Inductively Coupled Plasma Optical Emission 141 
Spectrometry (ICP-OES) 142 
 143 
Samples of the initial synthetic SNL and resulting solution after the SWN process 144 
were analysed using a Varian ICP-OES instrument. Standards containing aluminium, 145 
magnesium, and calcium were prepared to establish a calibration curve. Results were 146 
obtained using an integration time of 3 seconds with 3 replications. The relative 147 
amounts of each element was recorded on Varian Liberty 2000 ICP–OES at 148 
wavelengths of 394.400, 279.553 and 393.366 for aluminium, magnesium and 149 
calcium, respectively. 150 
 151 
2.2.3. Thermogravimetric Analysis (TGA) 152 
 153 
Thermal decomposition of the hydrotalcite was carried out in a TA® Instruments 154 
incorporated high-resolution thermogravimetric analyser (series Q500) in a flowing 155 
nitrogen atmosphere (80 cm3/min). Approximately 50 mg of sample was heated in an 156 
open platinum crucible at a rate of 2.0 °C/min up to 1000 °C. The synthesised 157 
hydrotalcites were kept in an oven at 85 °C for 24 hrs before TG analysis. Thus, the 158 
mass losses are calculated as a percentage on a dry basis. 159 
 160 
161 
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3. Results and Discussion 162 
 163 
3.1. Synthetic SNL with Ca(OH)2 164 
 165 
Different amounts of Ca(OH)2 were mixed (5 minutes) with the same volume of SNL 166 
before the same volume of seawater was added. The solution pH was monitored at 15 167 
second intervals for a 2 hour period.  168 
 169 
3.1.1.  pH 170 
 171 
All concentrations of Ca(OH)2 investigated observed an increase in pH after the 172 
addition of synthetic seawater, Figure 1. The aim of neutralisation process is to add 173 
sufficient seawater to permanently reduce the pH below 8.9. However, an increase in 174 
pH after the neutralisation point (i.e. after all the seawater has been added) can occur 175 
and this is referred to as “pH reversion”. The required seawater volumes to neutralise 176 
Bayer residue is dictated by the dissolved levels of caustic and alumina in the liquor. 177 
Therefore, the presence of solid-phase compounds that can increase this neutralisation 178 
requirement, such as Ca(OH)2, will increase the seawater requirement.  179 
 180 
In the presence of Ca(OH)2, reversion occurs almost instantaneously after the final 181 
volume of seawater is added to SNL. At low concentrations (0.05 and 0.10M) an 182 
increase of less than 0.5 pH units occurs. It is also apparent that an increase in 183 
Ca(OH)2 increases the neutralisation point (minimum pH reached after the addition of 184 
seawater). This increase in neutralisation point is due to the dissolution of Ca(OH)2 185 
during the addition of seawater, which releases a greater amount of OH- ions into 186 
solution. Due to a constant volume of seawater being used in these experiments the 187 
amount of neutralising cations remains constant, and therefore, there are no additional 188 
cations available to remove the newly released OH- ions from solution. The primary 189 
mechanism for the removal of OH- ions from solution is through the formation of two 190 
hydrotalcite structures: 191 
 192 
1: 6MgCl2(aq) + 2NaAl(OH)4(aq) + 8NaOH(aq) + Na2CO3(aq) + xH2O(l) → 193 
Mg6Al2(OH)16(CO3)·xH2O(s) + 12NaCl(s) 194 
 195 
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2: 8MgCl2(aq) + 2NaAl(OH)4(aq) + 12NaOH(aq) + Na2CO3(aq) + xH2O(l) → 196 
Mg8Al2(OH)20(CO3)·xH2O(s) + 16NaCl(s) 197 
 198 
The formation of hydrotalcite is pH dependent and as such a mixture of 3:1 and 4:1 199 
hydrotalcite structures form.17  200 
 201 
High concentrations of Ca(OH)2 (0.50 and 1.00 M) prevented a reduction in pH, with 202 
the final pH remaining at values greater than 11. The neutralisation of high Ca(OH)2 203 
suspensions still showed a small reduction in pH before an increase occurred. This 204 
reduction is due to the formation of hydrotalcite, hydrocalumite 205 
(Ca2Al(OH)6Cl·2H2O), and brucite (Mg(OH)2). The formation of hydrotalcite and 206 
brucite can be observed by the significant decrease in Mg2+ concentration, Figure 2. 207 
Hydrotalcite forms over a large pH range (7-12), while hydrocalumite and brucite 208 
formation is favoured at high pH (greater than 10). A significant reduction in pH is 209 
not observed for high concentrations of Ca(OH)2 due to an influx of OH- ions caused 210 
by the dissolution of Ca(OH)2. As hydrotalcite, hydrocalumite and brucite form, and 211 
the pH begins to fall the dissolution of Ca(OH)2 is facilitated until insufficient 212 
amounts of magnesium, aluminium, and calcium remain in solution. A state of 213 
equilibrium for Ca(OH)2 has been observed to occur between pH 11 and 11.5 when 214 
insufficient cations remain in solution.  215 
 216 
The dissolution of Ca(OH)2 releases 2 moles of OH- ions into solution, which causes 217 
the pH to rise: 218 
 219 
3: Ca(OH)2(s) ↔ Ca2+(aq) + 2OH-(aq)  220 
There are three shifts in equilibrium observed for the dissolution of Ca(OH)2 during 221 
the seawater neutralisation process:  222 
1. At low pH, the equilibrium reaction shifts to the right (dissolution of Ca(OH)2) due 223 
to the use of OH- ions in the formation of hydrotalcite. 224 
2. The use of Ca2+ in the formation of CaCO3 and CaCl2 shifts the equilibrium to the 225 
right. 226 
3. At high concentrations of Ca(OH)2, the release of OH- ions is readily used up in the 227 
formation of brucite, hydrotalcite and hydrocalumite.  228 
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 229 
The solubility of Ca(OH)2 in pure water is 1.26 g/L at 50 ºC.18 It should be noted that 230 
the solubility of Ca(OH)2 increases at lower temperatures. Therefore, the presence of 231 
Ca(OH)2 in the residue (disposed of in tailings dam) will show a continual pH 232 
increase as the residue cools.  233 
 234 
At 0.05 and 0.10M, it is also proposed that the dissolution of hydrocalumite occurs. 235 
This is shown in Figure 3 by an increase in Ca2+ ions in the first 30 minutes. An 236 
increase in Al3+ concentration is also expected to occur, however, due to excess Mg2+ 237 
ions in solution hydrotalcite forms immediately removing Al3+ from solution. A full 238 
discussion on the effect of hydrocalumite in SNL will be discussed in section 3.2. 239 
 240 
It is proposed that along with the dissolution of Ca(OH)2, the following reactions may 241 
also contribute to the rise in pH, albeit at a much slower rate: 242 
 243 
4: CaCO3(s) + 2NaCl(aq) ↔ CaCl2(aq) + Na2CO3(aq)                               18  244 
5: Ca(OH)2(aq) + Na2CO3(aq) ↔ CaCO3(s) + 2NaOH(aq)  19  245 
  246 
3.1.2. ICP 247 
 248 
The Mg2+ ion concentration decreases significantly with increased Ca(OH)2 249 
concentrations, Figure 2. The increase in OH- ions in solution, due to Ca(OH)2 250 
dissociating, results in the additional formation of hydrotalcite and brucite. At 0.05 251 
and 0.10M, the pH of solution is below pH 9, not favourable for brucite formation, 252 
and thus the removal of Mg2+ is dependent on the concentration of Al3+ ions for the 253 
formation of hydrotalcite. Analysis has shown that essentially all Al3+ ions 254 
(representing Al(OH)4- anions) are removed from solution for all concentrations of 255 
Ca(OH)2 tested. Therefore, excess Mg2+ ions remain in solution for Ca(OH)2 256 
concentrations of 0.05 and 0.10M as hydrotalcite is unable to form. The absence of 257 
Al3+ ions at low pH allows for pH reversion to occur as hydrotalcite formation is the 258 
primary mechanism for the reduction of pH during neutralisation. High Ca(OH)2 259 
concentrations results in a solution pH greater than 10, which results in all Mg2+ ions 260 
being used up in the formation of brucite. ICP results have shown a significant 261 
increase in calcium in solution as the concentration of Ca(OH)2 increases, Figure 3, 262 
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but this relationship is not linear. Therefore, the increase in Ca2+ is believed to be due 263 
to soluble calcium salt CaCl2 (Eq. 4), the dissolution of hydrocalumite (Eq. 6), and 264 
Ca(OH)2 (Eq. 3). 265 
 266 
3.1.3. XRD 267 
 268 
XRD identified six mineralogical components in the precipitate: hydrotalcite, calcium 269 
hydroxide, hydrocalumite, calcite, aragonite, and minor quantities of sodium chloride. 270 
Ca(OH)2 and hydrocalumite are stable at high pH, whilst hydrotalcite, calcite, and 271 
aragonite are stable in all alkaline solutions. The XRD pattern highlights the absence 272 
of Ca(OH)2 peaks for 0.05 and 0.10M, confirming the complete dissolution of 273 
Ca(OH)2, Figure 4. Very small peaks are observed for 0.50M indicating that only a 274 
small portion of Ca(OH)2 is present in the solid phase, whilst a large quantity of 275 
Ca(OH)2 is still present in the precipitate for 1.00M Ca(OH)2. XRD confirmed that 276 
hydrotalcite forms at all concentrations of Ca(OH)2, however, different Mg:Al ratios 277 
are predicted to form due to the range of pH values that these structures form in. It is 278 
also observed that calcite (CaCO3) predominately forms, with small amounts of 279 
aragonite forming at lower pH (smaller concentrations of Ca(OH)2). The absence of 280 
CaCl2 in the precipitate indicates that the formation of calcium carbonate species is 281 
the predominate mechanism for the removal of Ca2+ ions. CaCO3 is a more stable 282 
structure than CaCl2, and hence its formation is favoured.  283 
 284 
3.1.4. TGA 285 
 286 
The interpretation of the DTG curves are based on previous work by the authors in the 287 
investigations on synthetic hydrotalcite and hydrotalcite prepared under seawater 288 
neutralisation conditions.20-22 DTG curves of the SWN solids of SNL-1.00M Ca(OH)2 289 
confirmed the formation of hydrocalumite, observed as a shoulder on the hydrotalcite 290 
peak at 300 ºC, Figure 5. However, hydrotalcite still remained the predominant 291 
species. The decomposition of the solid residue from seawater neutralisation 292 
containing excess Ca(OH)2 occurs in four steps:  293 
i) the removal of adsorbed water to the external surface of the precipitate  294 
(70 °C),  295 
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ii) the dehydroxylation and decarbonation of the brucite-like hydroxyl layers 296 
of Bayer hydrotalcite and hydrocalumite (270-300 °C),  297 
iii) the dehydroxylation of calcium hydroxide (360-380 °C),  298 
iv) decarbonation of calcium carbonate (600-620 °C).  299 
 300 
3.2. Synthetic SNL with hydrocalumite 301 
 302 
Different amounts of synthetic hydrocalumite were mixed (5 minutes) with the same 303 
volume of SNL before the same volume of seawater was added. The solution pH was 304 
monitored at 15 second intervals for a 2 hour period.  305 
 306 
3.2.1. pH 307 
 308 
Reversion (pH) is observed when the concentration of hydrocalumite in SNL is 309 
greater than 0.10M, Figure 6. At concentrations below this, the final pH remains 310 
between 8.0 and 8.5. At low concentrations (0.10M and less), the release of OH- ions 311 
from the dissolution of hydrocalumite (Eq. 6) is used up by the formation of 312 
hydrotalcite, thus preventing the pH to increase. Reversion only occurs when the 313 
concentration of Mg2+ ions in solution is insignificant, and hydrotalcite is unable to 314 
form. The rate at which reversion occurs is dependent on the concentration of 315 
hydrocalumite in solution, Table 2. Increasing the concentration of hydrocalumite 316 
releases more OH- ions into solution, therefore causing the pH to rise at a faster rate 317 
until a state of equilibrium is reached. 318 
 319 
Hydrocalumite (2Ca2Al(OH)6Cl·2H2O) can be re-written in the oxide phases that it is 320 
formed from: 3CaO.Al2O3.CaCl2·10H2O. The synthesis of hydrocalumite in a sulfate 321 
rich environment would form ettringite (3CaO.Al2O3.CaSO4·10H2O), common to the 322 
cement industry.23 Hydrocalumite and ettringite are chemically similar, therefore it is 323 
proposed that they possess similar stabilities and reactivities. It has been reported that 324 
the stability of ettringite decreases in solutions with a pH below 10.5.23 As the pH 325 
falls below 10.5, the dissolution of ettringite occurs. Therefore, the same is proposed 326 
to be true for hydrocalumite. The following equilibrium reaction is proposed: 327 
 328 
6: Ca2Al(OH)6Cl·2H2O(s) + NaCl(aq) ↔  329 
 11
CaCl2(aq) + NaAl(OH)4(aq) + Ca(OH)2(aq) + 2H2O(aq) 330 
 331 
As the pH falls below 10.5 during neutralisation, the dissolution of hydrocalumite 332 
becomes favoured and thus releases aluminate (Al(OH)4-) and hydroxyl ions into 333 
solution causing both pH and aluminium reversion. This corresponds well with the 334 
dissolution pH reported for ettringite. It is observed that the neutralisation point 335 
increases with elevated hydrocalumite concentrations. The final pH of solution, for all 336 
concentrations of hydrocalumite that showed pH reversion, is between pH 10 to 10.5. 337 
In this pH range, the remaining hydrocalumite in solution is in equilibrium, and 338 
therefore, the dissolution of hydrocalumite is no longer favoured. 339 
 340 
3.2.2. ICP 341 
 342 
An increase in Al3+ concentration after the neutralisation point is referred to as “Al3+ 343 
reversion”. ICP confirmed that Al3+ reversion occurred for hydrocalumite when 344 
present in concentrations above 0.10M in SNL, Figure 7. The reversion of aluminium 345 
appeared to correspond well with pH reversion, therefore, it is believed pH and 346 
aluminium reversion are directly related. There is an inverse relationship between the 347 
Al3+ (Figure 7) and Mg2+ (Figure 8) concentrations in solution. It can be clearly seen 348 
from these charts that Al3+ reversion is prevalent when all Mg2+ ions are removed 349 
from solution, shown for 0.50M hydrocalumite. The concentration of magnesium 350 
steadily decreases after the SWN process due to the simultaneous dissolution of 351 
hydrocalumite and hydrotalcite formation. The formation of additional hydrotalcite, 352 
stimulated by the release of aluminate ions, causes both the Mg2+ concentration and 353 
pH to decrease. The Al3+ concentration in solution does not appear to increase 354 
significantly after 30 minutes, because the pH of solution has reached equilibrium pH 355 
within this time period. Therefore, the dissolution of hydrocalumite no longer occurs.  356 
 357 
The calcium concentration varied significantly with the concentration of 358 
hydrocalumite, Figure 9. Increasing the concentration of hydrocalumite in solution 359 
increased the concentration of calcium in solution, as expected. However, once the 360 
concentration of hydrocalumite reached 0.50M, the calcium levels in solution 361 
decreased significantly. The calcium concentration is dependent on the concentration 362 
of hydrocalumite and pH. At low hydrocalumite concentrations, 0.01M, the amount of 363 
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calcium in solution (from hydrocalumite dissolution) is negligible, since the calcium 364 
ions were immediately consumed via the formation of calcium carbonate. However, 365 
as the concentration of hydrocalumite increased (0.02, 0.03, and 0.04M), the 366 
dissolution of hydrocalumite became more noticeable. In these instances, the excess 367 
Ca2+ ions remained dissolved because the carbonate anions had been depleted. The 368 
same trend was observed for hydrocalumite concentrations of 0.20, 0.30, and 0.40M. 369 
However, when the hydrocalumite levels are above 0.5M, the corresponding pH 370 
increase appears to cause a secondary increase in carbonate levels, mainly due to an 371 
elevated rate of CO2 absorption (and so CO32-). The pH for 0.50M hydrocalumite 372 
remained between pH 10 and 10.5. As a result, more CaCO3 precipitated out of 373 
solution, thus decreasing dissolved Ca2+ levels when normal reaction kinetics 374 
suggested it should increase. It is also proposed a small amount  of Ca(OH)2 formed. 375 
  376 
377 
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Conclusions 378 
 379 
This investigation has shown that the presence of solid calcium hydroxide in 380 
supernatant liquor results in a pH rise after seawater neutralisation. It is believed this 381 
pH increase is due to: 382 
1) the dissolution of Ca(OH)2 and,  383 
2) the dissolution of hydrocalumite.  384 
The dissolution of Ca(OH)2 in the solution continued until a pH above 11 is obtained. 385 
At this pH value, a state of equilibrium is reached.  The presence of carbonate also 386 
promoted calcium hydroxide dissolution, through the precipitation of calcite, resulting 387 
in the additional release of hydroxide ions into solution. The presence of Ca(OH)2 in 388 
the liquor promotes the formation of hydrocalumite. Hydrocalumite forms during the 389 
seawater neutralisation process (reaction of Ca2+ ions in seawater and Al(OH)4- ions 390 
in liquor), however it is unstable at pH values below 10.5. The dissolution of 391 
hydrocalumite not only causes pH reversion, but also Al3+ reversion. Therefore, the 392 
concentration of calcium hydroxide impacts the efficiency of the seawater 393 
neutralisation process for alumina refinery residues both directly and indirectly.  394 
 395 
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TABLES 513 
 514 
Table 1: Concentration of Ca(OH)2 (g/L) and the concentration of solid Ca(OH)2 left in SNL and 515 
SWN-SNL. 516 
Concentration of Ca(OH)2 in the initial SNL solution (60 mL) 
 0.05M 0.10M 0.30M 0.40M 0.50M 1.00M 
g/L Ca(OH)2 
in SNL 
3.71 g/L 7.41 g/L 22.23 g/L 29.64 g/L 37.05 g/L 74.12 g/L 
Soluble Ca(OH)2 
in SNL 
1.26 g/L 1.26 g/L 1.26 g/L 1.26 g/L 1.26 g/L 1.26 g/L 
Remaining 
Ca(OH)2 in SNL 
2.45 g/L 6.15 g/L 20.97 g/L 28.38 g/L 35.79 g/L 72.86 g/L 
Concentration of Ca(OH)2 in solution after SWN of SNL (330 mL) 
 0.05M 0.10M 0.30M 0.40M 0.50M 1.00M 
g/L Ca(OH)2 
in SWN-SNL 
0.67 g/L 1.35 g/L 4.04 g/L 5.39 g/L 6.70 g/L 13.50 g/L 
Soluble Ca(OH)2 
in SWN-SNL 
1.26 g/L 1.26 g/L 1.26 g/L 1.26 g/L 1.26 g/L 1.26 g/L 
Remaining 
Ca(OH)2 in SWN-
SNL 
0 g/L 0.09 g/L 2.78 g/L 4.13 g/L 5.44 g/L 12.24 g/L 
 517 
 518 
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Table 2: Summary of pH results for hydrocalumite concentrations that showed pH reversion. 520 
Concentration 
Neutralisation 
point 
Delay time 
(mins) 
Final pH 
% increase 
(pH) 
0.10M 8.20 N/A 8.04 N/A 
0.20M 8.32 32.5 10.23 23.0% 
0.30M 8.46 15.0 10.23 20.9% 
0.40M 8.53 5.5 10.17 19.2% 
0.50M 10.17 2.75 10.38 2.1% 
 521 
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FIGURES 523 
 524 
 525 
Figure 1: Combined pH plots for the SWN of synthetic SW and SNL with varying 526 
concentrations of Ca(OH)2. 527 
 528 
 529 
Figure 2: Concentration of magnesium cations in solution for varying concentrations 530 
of Ca(OH)2 in SWN-SNL over 2 hours. 531 
 532 
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 533 
Figure 3: Concentration of calcium cations in solution for varying concentrations of 534 
Ca(OH)2 in SWN-SNL over 2 hours. 535 
 536 
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 538 
Figure 4: XRD patterns of calcium aluminate species tested as triggers and the 539 
corresponding reference patterns. 540 
 541 
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 542 
Figure 5: DTG curves of 1.00M Ca(OH)2 before SWN (Ca(OH)2 + SNL) and after 543 
SWN (neutralisation point (Ca(OH)2 + SNL + SW) and 30 minutes after SWN 544 
(Ca(OH)2 + SNL + SW (30 minutes))). 545 
 546 
547 
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 548 
Figure 6: Combined pH plots for the SWN of synthetic SW and SNL with varying 549 
concentrations of hydrocalumite. 550 
 551 
Figure 7: Aluminium concentration in solution after the SWN of SNL with varying 552 
concentrations of hydrocalumite. 553 
 554 
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 555 
Figure 8: Magnesium concentration in solution after the SWN of SNL with varying 556 
concentrations of hydrocalumite. 557 
 558 
 559 
Figure 9: Calcium concentration in solution after the SWN of SNL with varying 560 
concentrations of hydrocalumite. 561 
 562 
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